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Six hens responded on concurrent variable-interval (key-peck) variable-interval (door-push) sched-
ules of reinforcement in which the second-order (fixed-ratio) requirements on the alternatives (Ex-
periment 1) or the required door forces (Experiment 2) were varied. The key-peck and door-push
response (measured as fixed-ratio completion) and time data were well described by the generalized
matching law. However, the manipulations of fixed-ratio requirement and required response force
differed in their effects. The manipulations of fixed-ratio size affected the response and time mea-
sures differently, producing fairly constant, multiplicative biases only in terms of response allocation.
It was argued that variations in fixed-ratio size necessarily change the time allocated to that response
unit, and thus changes in time bias were not necessarily a fundamental effect of changing the ratio.
In contrast, the changes in response bias were a fundamental result of changes in ratio size. The
response-force manipulations produced similar bias shifts in terms of response and time allocation,
but they appeared to combine with relative reinforcement rate to affect choice interactively. Specif-
ically, behavior appeared to be biased towards the least effortful (i.e., key-peck) response, but the
increases in door force had a larger effect on bias when the hens were making this response infre-
quently (on a lean schedule). The different effects of the fixed-ratio and response-force manipula-
tions on concurrent performance were partially accounted for by the differing times required to
complete each response unit under those manipulations, but this would not account for the inter-
action. The interaction would be consonant with increased response effort decreasing the effective
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value of the associated reinforcement schedule.
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When investigating animals’ choices, re-
searchers generally offer outcomes differing
in rate, magnitude, delay, and so on. The
same type of response (usually key pecks with
birds and lever presses with mammals) is typ-
ically used on the alternatives. In nonexperi-
mental settings, however, different types of re-
sponses commonly lead to different
outcomes.

Some findings have indicated that the
study of different response requirements in
laboratory settings would be informative. For
example, researchers have reported difficul-
ties in training animals to make particular re-
sponses for particular consequences (Dawk-
ins & Beardsley, 1986; Hineline & Rachlin,
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1969; Hogan & Roper, 1978). It has even
been suggested that different behavioral laws
may govern responses of different forms
(Bolles, 1970; Seligman & Hager, 1972), or
that the degree of influence of reinforcement
over behavior may depend on the response—
consequence pair chosen (Catania, 1973;
Chelonis & Logue, 1996; Shettleworth, 1989).

Animal choice between similar responses
arranged concurrently has been well de-
scribed by the generalized matching law
(Baum, 1979):

log(B,/B,) = alog(rn/n) + log ¢, (1)

where B refers to the behavioral measure (re-
sponses made or times spent), r refers to the
reinforcers obtained, and the subscripts de-
note two alternatives. The parameter a de-
scribes the sensitivity of behavior to reinforce-
mentrate differences, and the parameter ¢
measures any constant preference for one al-
ternative, over and above those from rein-
forcement-rate differences (Baum, 1974,
1979). Results from studies in which a variety
of reinforcement schedules have been em-
ployed support the generality of this law (see
Davison & McCarthy, 1988; de Villiers, 1977;
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Myers & Myers, 1977; Wearden & Burgess,
1982). The law has also been extended to sit-
uations in which qualitatively different rein-
forcers have been delivered on the two alter-
natives (Hollard & Davison, 1971; Matthews
& Temple, 1979; Miller, 1976). It has only
rarely been applied to choices in which re-
sponse parameters have been varied.

Choice between different response require-
ments has been examined in three ways: (a)
by using different response forms (Davison &
Ferguson, 1978; Hanson & Green, 1986;
McSweeney, 1978; Sumpter, Foster, & Tem-
ple, 1995; Wheatley & Engberg, 1978), (b) by
changing the second-order requirements of
second-order schedules (Beautrais & Davison,
1977; Cohen, 1975; Sumpter et al., 1995),
and (c) by varying the required force of the
response (Chung, 1965; Hunter & Davison,
1982).

Apart from Sumpter et al. (1995), studies
investigating the effects of different response
forms have examined choice between one
key peck and one treadle press over a range
of reinforcement rates (Davison & Ferguson,
1978; Hanson & Green, 1986; McSweeney,
1978; Wheatley & Engberg, 1978). The re-
sults of these studies were well described by
the generalized matching law, but perfor-
mance was biased towards the key-peck re-
quirement. The biases were particularly evi-
dent when performance was measured in
terms of response rather than time alloca-
uon.

In the most extensive examination of the
effects of required response force on concur-
rent variable-interval (VI) VI performance,
Hunter and Davison (1982) varied the force
required for an effective response by chang-
ing lead weights in pans attached to the keys.
Sufficient conditions were arranged so that
the relative and absolute effects of both re-
sponse- and reinforcementrelated variables
could be assessed. Variations in both the re-
inforcement rates and the required forces
changed preference considerably and similar-
ly in terms of response and time measures. In
addition, it was found that force requirement
and reinforcement rate did not interact in
their effects on relative response and time al-
location.

Beautrais and Davison (1977) collected
data from a series of concurrent second-order
schedules in which completions of fixed-ratio

(FR) requirements were reinforced accord-
ing to VI schedules. Both the FR require-
ments and the VI schedules were varied
across conditions. When the FR requirements
were equal, performance closely correspond-
ed to that normally found when response re-
quirements are single key pecks. There was
no consistent bias, and the response and time
sensitivities were not significantly different. In
terms of response-unit (i.e., FR completion)
measures, the changes in the second-order
(FR) operants (i.e., from FR 5 vs. FR 5 to FR
5 vs. FR 10) resulted in shifts in bias towards
the smaller FR requirement and increases in
sensitivity. However, in terms of time alloca-
tion, the changes in neither bias nor sensitiv-
ity were significant.

Sumpter et al. (1995) varied both response
form (key peck and door push) and FR re-
quirements under concurrent second-order
schedules of reinforcement. They found that
when single responses were required, perfor-
mance was biased towards the key alternative.
They attributed this finding to the different
amount of effort involved in the two response
forms. When the number of key pecks re-
quired for a response unit was increased to
five, bias shifted in the direction of the door
alternative. Consistent with the results of
Beautrais and Davison (1977), the change in
the FR (key) requirement produced larger
bias shifts in the FR completion measures
than in the time measures. In the Sumpter et
al. (1995) study, however, the resulting re-
sponse and time biases were, on occasion, in
different directions. In addition, the sensitiv-
ity of both behavior measures changed when
the response requirements changed.

No simple generalizations on the effects of
response parameters on concurrent perfor-
mance seem possible. Force manipulations
appear to produce similar changes in both
response and time allocation (Hunter & Dav-
ison, 1982), whereas different response forms
(Davison & Ferguson, 1978; McSweeney,
1978; Wheatley & Engberg, 1978) and
changes in FR requirements of second-order
schedules (Beautrais & Davison, 1977; Sump-
ter et al., 1995) seem to affect time and re-
sponse measures differently. Changes in sec-
ond-order requirements also appear to affect
sensitivity to reinforcementrate changes, ei-
ther in terms of both response and time al-
location (Sumpter et al., 1995) or in terms of
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response allocation only (Beautrais & Davi-
son, 1977), whereas force manipulations do
not (Hunter & Davison, 1982). Sensitivity
may be different for different response
forms, but data are insufficient for any con-
clusions to be drawn.

The present experiments were designed to
examine further the effects of three different
response parameters (i.e., form, force, and
number) on concurrent schedule perfor-
mance. They were conducted in the hope of
finding at least some commonality of effect.

EXPERIMENT 1

Although Sumpter et al. (1995) varied the
required number of responses in an operant
unit with different response forms, they did
so over a limited range. Specifically, they var-
ied the relative reinforcement rates over the
following response pairings: FR 1 (key) versus
FR 5 (key); FR 1 (key) versus FR 1 (door);
and FR 5 (key) versus FR 1 (door). They
found that the generalized matching law de-
scribed the data well and that, in terms of
response-unit measures, variations in re-
sponse type and number appeared to act as
constant biases that could be multiplied to
predict the bias term from the third pairing.
Time biases, however, were not predicted
from biases found in previous pairings.

The purpose of Experiment 1 was to ex-
tend Sumpter et al.’s (1995) findings by vary-
ing the FR requirements on both the key and
door alternatives over a larger range, and to
determine whether larger variations in re-
quired response number also provide con-
stant bias measures within the generalized
matching law. We also attempted to ascertain
whether any observed differences in the FR
completion and time-allocation data could be
accounted for by response-duration effects, as
Sumpter et al. argued. The same response
types and all but one of the hens (Hen 66)
employed by Sumpter et al. were used in or-
der to provide direct comparisons.

Method

Subjects. Six Shaver-Starcross hens, num-
bered 61 to 66, were maintained at 80%
(£5%) of their free-feeding body weights
through daily weighing and the provision of
supplementary feed (commercial laying pel-
lets). They were housed in individual cages

(30 cm by 45 cm by 43 cm) with water freely
available. Grit and vitamins were supplied
weekly. All hens were approximately 2.5 years
old at the start of the experiment. Hens 61
to 65 had served in Sumpter et al.’s (1995)
study and, in doing so, had experience on
concurrent second-order (key-peck) (door-
push) schedules of reinforcement. Hen 66
had been trained previously on a matching-
to-sample key-peck task.

Apparatus. The particle-board experimental
chamber was 57 cm long, 42 cm wide, and 54
cm high. A thick metal grid enclosed in a
steel tray covered the floor, and a fan in the
rear wall provided air circulation and mask-
ing noise. A food magazine, which was lit and
allowed access to wheat when raised, was lo-
cated directly behind an opening centered
on the front wall 8.5 cm above the grid floor.
The front wall also contained a Perspex key
and a door response unit. The key, 3 cm in
diameter, was situated 9.5 cm from the left
wall and 36 cm above the floor. It required a
minimum force of 0.1 N to be activated and,
when operative, was lit from behind by a red
1-W bulb. The door apparatus, identical to
that described by Sumpter et al. (1995), was
located 2 cm from the right wall. It consisted
of two vertical brass rods (through which the
hens could push their heads and necks)
which, when suspended, hung 4 cm inside
the front wall and 10 cm above the grid floor.
In order for an effective door push to be
made, these rods needed to be pushed 5 cm
forward (measured at the bottom of the
rods) or to an angle of 15°. This movement
operated a microswitch and required a min-
imum force of 1.1 N (112 g; measured 4 cm
from the bottom of the rods) when no
weights were attached to the door. The door
returned to its vertical position under its own
weight (i.e., as quickly as the hen backed away
from it).

So that the hens did not hit the front wall
when the rods were pushed to an angle of
15°, a hole (10 cm by 19 cm) was cut out of
the front wall directly below the door frame
and 11 cm from the floor. A box (10 cm wide,
18 cm deep, and 29 cm wide) was fixed to
the rear of the front wall so that it covered
the hole. This meant that the hen’s head
would be in this box when an effective door
push was made. A 1-W white bulb located at
the rear of this box provided illumination of
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the door. The manipulanda lights and the
magazine lights provided the only sources of
illumination in the chamber. The equipment
was controlled and the data were recorded by
a computer operating MED®™ 2.0 software.

Procedure. Initially, the key was inoperative,
and Hen 66 was trained to push the door by
the hand-controlled delivery of reinforce-
ment for successive approximations to the
door-push response. Once the door-push re-
sponse occurred reliably, a VI schedule was
arranged for door pushes and was gradually
increased to VI 30 s. Following this, the key
was made operative. By Session 37, the VI
schedules associated with both manipulanda
had been increased to VI 90 s, and a change-
over delay (COD) of 3 s was in effect (i.e., a
response could not be reinforced until 3 s
had elapsed from the first response on the
changed-to schedule).

All birds were then exposed to a series of
concurrent second-order (key-peck) (door-
push) schedules of reinforcement, with re-
sponses that met the FR requirement rein-
forced according to VI schedules. During
each part of the experiment, the FR require-
ments associated with the two manipulanda
were kept constant while the VI schedules
were varied across three conditions in the fol-
lowing order: concurrent VI 90 s VI 90 s, con-
current VI 60 s VI 180 s, concurrent VI 180
s VI 60 s. The VI schedules were arranged
dependently (i.e., both VI schedules stopped
timing when a reinforcer became available on
either) and were composed of 15 randomized
intervals that were derived from the arith-
metic progression j(1 + 2x), where x = 0, 1,
2, ..., 14 and j is equal to one 15th of the
average VI length.

In Part 1, a single response on either ma-
nipulandum completed an FR 1 requirement,
and if a reinforcer was arranged by the VI
schedule associated with that manipulandum
it was delivered. In Parts 2 and 3, FR require-
ments of 50 key pecks and two door pushes
and 15 key pecks and three door pushes were
required, respectively. The first response of
each FR requirement (which could be emit-
ted to either manipulandum) extinguished
the alternative manipulandum light and ren-
dered that manipulandum inoperative. On
completion of the ratio requirement, and
provided a reinforcer had been set up by the
VI schedule associated with that manipulan-

dum, a reinforcer was delivered. Following re-
inforcement, or merely the completion of the
FR requirement, both manipulanda lights
were again presented.

In all parts of the experiment, each effec-
tive (i.e., first-order) response was signaled to
the subject by a short (30-ms) audible beep,
whereas the completion of each FR (second-
order) requirement was signaled by a longer
(0.4-s) audible beep. Reinforcement consist-
ed of 3-s access to wheat if initiated by an FR
completion on the key and 3.5-s access to
wheat if initiated by an FR completion on the
door. This gave the hens enough time to
move back from the door and still get ap-
proximately 3-s access to the reinforcer. Dur-
ing reinforcement, the manipulanda lights
were extinguished. Responses to unlit manip-
ulanda were ineffective.

All experimental sessions ended after 30 re-
inforcers or 40 min (whichever was the short-
er), and at least six sessions were conducted
per week. The experimental parameters were
changed when the behavior of all 6 subjects
had met a stability criterion five, not neces-
sarily consecutive, times. The criterion was
that the median relative number of responses
(i.e., total number of pecks on the key divid-
ed by the total number of responses to both
manipulanda) over the last five sessions was
within 0.05 of the median of the previous five
sessions. Thus, a minimum of 14 sessions was
required for stability. The sequence of exper-
imental events along with the number of ses-
sions each was in effect are shown in Table 1.

In all conditions, and for each response
manipulandum, the following measures were
recorded: the total number of responses (i.e.,
key pecks and door pushes), the number of
post-COD responses, the total number of FR
completions, the number of FR completions
made within and after the CODs, the amount
of time spent responding (timed, in seconds,
from the first response on one manipulan-
dum to the first response on the other), the
number of reinforcers obtained, and the total
number of changeover responses made.

Results

The averages of the final five sessions’ data
from each condition are analyzed here, and
the data from those last 5 days are presented
in Appendix A. All ratios were taken to the
left (key) alternative and are plotted on a log-
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Table 1

The sequence of experimental conditions during Experiment 1. Shown are the FR and VI
schedules in effect and the number of sessions in each condition.
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Fig. 1. The logarithms of the ratios of the FR com-
pletions (i.e., response units) made on each schedule
(left panel) and the ratios of the times allocated to each
schedule (right panel) as functions of the logarithms of
the reinforcement-rate ratios. All ratios were taken to the
left (key) alternative. The open circles, pluses, and open
squares represent the data from Parts 1 (FR 1 vs. FR 1),
2 (FR 15 vs. FR 3), and 3 (FR 50 vs. FR 2) of Experiment
1, respectively. The dotted diagonal lines represent lines
with a slope of 1.0. Other lines show least squares fits.

arithmic scale (to the base 10). Unless oth-
erwise stated, every completion of each FR
requirement is regarded as an operant (i.e.,
FR completion) and is treated as a unit in
these analyses.

The logarithms of the response-unit (i.e.,
FR completion) and time-allocation ratios ob-
tained during all conditions are plotted for
each hen against the logarithms of the ob-
tained reinforcementrate ratios in the left
and right panels of Figure 1, respectively. Sep-
arate lines were fitted to the data from each
part of the experiment, and the slopes (a)
and intercepts (log ¢) of the lines are shown
in Table 2, together with the percentages of
variance accounted for (%VAC) by the lines
and the standard errors of estimate (SE). The
lines provide good descriptions of the data,
as evidenced by the high %VAC values and
the low SE.

The left panel of Figure 1 shows that every
bird exhibited large response biases towards
the key-peck requirement when only one re-
sponse was required on each alternative. In-
creasing the FR requirement differential to
FR 15 (key) versus FR 3 (door) during Part
2 decreased the response-unit biases (in
terms of FR completions) to approximately
zero for 4 hens. For the other 2 hens (Hens
62 and 65) these bias terms were substantially
negative, indicating a bias towards the FR 3
(door-push) alternative. When the FR re-
quirement differential was increased further
to FR 50 (key) versus FR 2 (door), strong and
systematic biases towards the FR 2 (door-
push) alternative resulted. Thus, over the
three experimental parts, the individual re-
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Table 2

The slopes (a) and intercepts (log ¢) of the lines fitted to both the response and time ratios
from Experiment 1. All ratios were taken to the left (key) alternative. The percentages of the
variance accounted for (%VAC) by the lines and the standard errors of the estimates (SE) are

also shown.

FR completions

Time allocation

Hen a log ¢ %VAC SE a log ¢ %VAC SE
Part 1: FR 1 (key) vs. FR 1 (door)
61 0.55 0.54 100 0.00 0.74 0.29 100 0.06
62 0.44 0.19 98 0.04 0.69 0.06 83 0.00
63 0.59 0.96 96 0.08 0.59 0.51 97 0.07
64 0.65 0.87 97 0.09 0.58 0.67 95 0.09
65 0.90 0.56 94 0.17 0.70 0.19 98 0.07
66 0.43 0.56 84 0.11 0.62 0.49 92 0.11
M 0.59 0.61 95 0.08 0.65 0.37 94 0.07
Part 2: FR 15 (key) vs. FR 3 (door)
61 1.11 0.00 95 0.18 0.91 0.24 94 0.16
62 0.39 —0.21 75 0.16 0.65 —0.14 98 0.07
63 0.83 0.02 84 0.25 0.77 0.22 97 0.09
64 1.01 —0.03 92 0.22 1.05 0.35 97 0.13
65 0.45 —0.16 100 0.02 0.61 -0.03 91 0.13
66 0.52 —0.03 94 0.08 0.82 0.24 95 0.11
M 0.72 -0.07 90 0.15 0.80 0.15 95 0.12
Part 3: FR 50 (key) vs. FR 2 (door)
61 1.05 —0.64 97 0.13 1.44 0.22 81 0.49
62 0.45 —1.10 100 0.01 0.46 -0.35 88 0.13
63 0.92 —0.62 98 0.10 0.70 0.08 81 0.23
64 1.03 -0.73 99 0.07 0.94 0.17 97 0.12
65 0.77 —0.70 85 0.24 0.77 —0.20 98 0.09
66 0.73 —0.64 100 0.02 0.91 0.19 100 0.00
M 0.83 —0.74 97 0.10 0.87 0.02 91 0.18

sponse-unit biases moved from the key to the
door.

The hens also exhibited time biases to-
wards the key-peck requirement when only
one response was required on both alterna-
tives (Figure 1, right panel). For all hens,
however, the time biases obtained during
these conditions were smaller than the equiv-
alent response-unit biases (Table 2). When
the FR requirements on both alternatives
were increased during Part 2 (FR 15 [key] vs.
FR 3 [door]), all hens’ time biases shifted in
the direction of the door alternative. Again,
for 2 hens (Hens 62 and 65) this resulted in
a bias for the door. In Part 3, when the FR
requirements were changed to FR 50 (key)
versus FR 2 (door), the 2 hens that exhibited
a bias for the door during Part 2 both showed
an increase in bias in that direction. The data
from the other 4 hens also showed bias
changes towards the door but still exhibited
small time biases for the key.

Table 2 indicates that only six of the 18

slopes describing the response data, and only
four of those describing the time data, fall
close to 1.00 (within the range 0.90 to 1.11).
With the exception of one of the time-allo-
cation slopes, the remainder are below 0.90.
Although the magnitudes of these slopes ap-
pear to have increased from Part 1 to Part 3
(as shown by the mean «a values calculated
across subjects), this trend is not systematic
within the individual data.

Figure 2 shows, for all hens, the logarithms
of the number of changeovers made (per
minute) plotted as functions of the loga-
rithms of the obtained reinforcement-rate ra-
tios. The changeover rates during Part 1 (FR
1 [key] vs. FR 1 [door]) tended to decrease
as the reinforcement rate associated with the
door decreased and that associated with the
key increased. In Part 2 (FR 15 [key] vs. FR
3 [door]), the maximum rate of changing
over typically occurred when equal VI sched-
ules were programmed. In Part 3 (FR 50
[key] vs. FR 2 [door]), there was a general
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Fig. 2. The logarithms of the number of changeover responses made (per minute) during each part of Experi-
ment 1 plotted against the logarithms of the ratios of the obtained reinforcement-rate ratios.

tendency (Hen 61 was the exception) for
changeover rates to increase as the VI sched-
ules associated with the door became leaner
and as that associated with the key became
richer.

Discussion

The response data from the FR 1 (key) ver-
sus FR 1 (door) conditions replicate the re-
sults of Sumpter et al. (1995). The average
bias measure was 4.1:1, compared with the
value of 4.5:1 reported by Sumpter et al.
Thus, in terms of response measures, the
hens’ behavior was biased towards the key
peck over the door push by about four to
one.

Sumpter et al. (1995) found that increasing
the FR requirement on the key from FR 1 to
FR 5 abolished the 4.5:1 bias towards the
door. Based on this result, they concluded
that the bias towards the key was approxi-
mately 5.0. Hence, in this experiment, we
would predict a slight bias towards the door
when the FR requirement on the key is five
times that on the door. As expected, when the
FR requirements were changed to FR 15
(key) versus FR 3 (door), very small response
biases (Table 2, Part 2, calculated as 1/¢, av-
erage 1:1.2) resulted. Bias towards the door
of about 1:5 would be expected when the re-
sponse-requirement differential moved to FR

50 (key) versus FR 2 (door). The average re-
sponse bias measure obtained from the FR 50
(key) versus FR 2 (door) pairings was 1:5.5
(Table 2, Part 3, calculated from 1/¢). Thus,
as expected, the hens made about five times
more FR 2 (door) response units than they
did FR 50 (key) units. It appears, therefore,
that bias produced by changes in FR require-
ments may be used to predict biases resulting
from other FR requirement pairings, irre-
spective of response form.

The time-allocation data obtained during
the FR 1 (key) versus FR 1 (door) conditions
also approximately replicate the results ob-
tained by Sumpter et al. (1995). Averaging
across experiments gives a time bias measure
of 2.6:1. This result suggests that when only
one response is required, the hens spend
about two and a half times longer on the key
than the door but make about four times as
many responses. Given that the move from
FR 1 (key) versus FR 1 (door) to FR 15 (key)
versus FR 3 (door) gave a shift in response-
unit bias from about 4:1 (i.e., towards the
key) to 1:1.2 (i.e., towards the door), it would
be intuitive to expect a similar shift in the
time biases. This was not found. The time-
allocation biases moved in the expected di-
rection, but for only 2 birds were the mea-
sures overall towards the door requirement
(Table 2). The FR 50 (key) versus FR 2
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(door) response requirements also produced
different changes in the response-unit and
time-allocation bias measures. Response-unit
biases of 1:5.5 were found, but time-allocation
biases approximated equality. Clearly then,
the changes in the FR completion and time
measures differ.

The differences in the response and time
biases are consistent with data from other ex-
periments that have employed topographical-
ly or numerically different response require-
ments. In all cases, the response-requirement
differential produced a more extreme bias in
the response measures than in the time mea-
sures (Beautrais & Davison, 1977; Davison &
Ferguson, 1978; Hanson & Green, 1986;
Sumpter et al., 1995; Wheatley & Engberg,
1978).

There are several reasons why response
and time measures would be expected to dif-
fer when response durations differ. Consider,
for example, a choice between two alterna-
tives, each requiring a single key peck. Be-
cause the response units are equal and take
roughly the same amount of time, the re-
sponse-unit and time biases tend to be equiv-
alent (i.e., 1:1; assuming negligible bias from
other sources). If response requirements are
then changed to one key peck versus five key
pecks (i.e., FR 1 vs. FR 5), one would gener-
ally get (i.e., Sumpter et al., 1995) bias ratios
of about 5:1 in terms of response (i.e., FR
completion) measures and, again, bias ratios
of approximately 1:1 in terms of times. In this
case, response measures (i.e., completed re-
sponse units) have shifted in a way that is pre-
dictable from the new second-order require-
ments (cf. Sumpter et al.,, 1995), but time
allocation has not. However, if we were to ex-
pect the time biases to follow the response
biases (i.e., shift from 1:1 to 5:1), then one
key peck would have to take about five times
longer than a response unit of five key pecks
(or the local response rate on the schedule
requiring only one key peck as its unit would
have to drop to one fifth of its previous value
by increased pausing). Such changes are not
commonly expected or observed.

As an example to illustrate, consider a hen
responding on equal concurrent VI VI sched-
ules of reinforcement. When single key pecks
are required on each alternative, the ratios of
the number of responses made, and of the
times allocated, will be approximately 1:1. Let

us now arbitrarily define a response unit on
the right alternative as a response require-
ment of five key pecks (i.e., an FR 5 key-peck
requirement). The FR completion or re-
sponse-unit bias would now be 5:1, but be-
cause the time allocated to responding has
not changed, the time ratio will stay the same
at 1:1. If the time bias were to change to 5:1,
then either the hen would have to complete
the FR 5 requirement five times faster than it
would normally emit one key peck, or it
would have to pause considerably on the al-
ternative requiring the single key peck. It ap-
pears, therefore, that when response-unit re-
quirements are changed, the only way that
the time biases can follow the response biases
would be for the durations of each response
unit to shift in the opposite direction from
the response-unit change. Hence, the time bi-
ases would not be expected to follow the re-
sponse biases when second-order require-
ments of concurrent second-order schedules
are changed.

Sumpter et al. (1995) used estimates, based
on local response rates, of the response-unit
durations from their first two response-unit
pairings to predict the time biases for their
third. This method was successful. When sim-
ilar analyses are applied to the present data,
however, the picture is less clear.

The average durations of a single key peck
and a single door push were calculated for
each bird and each part of the present ex-
periment by averaging the inverse of the local
response rates across the various reinforce-
mentrate conditions. These estimated dura-
tions include pause time and are given, along
with the equivalent local response rates, in
Table 3. Over the three parts of the experi-
ment, the estimated durations of the first-or-
der operants (and thus the local rates of re-
sponding on the alternatives) did not remain
constant. The averaged local rates of key
pecking were usually faster (duration esti-
mates down), and the averaged rates of door
pushing were usually slower (duration esti-
mates up) in Part 3 than in Part 1. This trend
was monotonic across the three experimental
parts for 5 hens in door pushing but for only
3 hens in key pecking.

Because the local rates of responding were
not constant over the FR requirement pair-
ings, it is clear that Sumpter et al.’s (1995)
predictions cannot be applied to the present
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Table 3

The estimated average duration (in seconds) of a single
key peck and a single door push for all experimental
parts of Experiment 1. The equivalent local response
rates (responses per minute) are shown in parentheses.

Hen Key peck Door push
Part 1: FR (key) FR 1 (door)

61 2.12 (28.3) 3.89 (15.4)
62 3.01 (19.9) 4.08 (14.7)
63 1.36 (44.9) 3.58 (16.7)
64 1.34 (46.7) 2.12 (28.3)
65 1.53 (39.3) 3.48 (17.2)
66 1.75 (34.4) 1.98 (30.3)
Part 2: FR 15 (key) FR 3 (door)

61 1.68 (35.7) 4.81 (12.5)
62 2.41 (24.9) 9.17 (6.5)
63 1.28 (46.9) 4.10 (14.6)
64 1.07 (56.1) 2.16 (27.8)
65 1.58 (37.8) 6.37 (9.4)
66 1.84 (32.5) 5.38 (11.2)
Part 3: FR 50 (key) FR 2 (door)

61 3.27 (18.3) 9.62 (6.2)
62 2.36 (25.4) 10.42 (10.4)
63 1.04 (57.7) 4.93 (12.2)
64 0.97 (62.0) 3.08 (19.5)
65 1.44 (41.6) 12.50 (4.8)
66 1.29 (46.4) 5.05 (11.9)

data. However, Sumpter et al.’s analysis also
raises another problem. It is difficult to con-
ceive of discrete responses such as a key peck
or a door push as taking more or less time to
emit according to changes in second-order
schedule requirements. The current changes
in the local response rates must, therefore,
reflect changes in either within-ratio or pre-
ratio pausing across the FR requirement
pairs. Hence, appealing though it is, Sumpter
et al.’s analysis is probably of limited value.
The present study was not conducted to as-
sess the effects of within- and across-compo-
nent patterns of responding on concurrent
second-order schedule performance. Thus,
neither within-rato nor preratio pausing was
measured. Nevertheless, studies of perfor-
mance under second-order schedules (Find-
ley, 1962; Kelleher, 1966; Lee & Gollub, 1971;
Thomas & Stubbs, 1966) have shown that,
when small FR requirements are employed,
fairly constant response rates occur. In con-
trast, ratios between FR 40 and FR 80 yield
maximum overall response rates (Lee & Gol-
lub, 1971). On the basis of these results, one
might have expected constant rates of re-

sponding on the door over the small range
of FR sizes employed (i.e., FR 1 to FR 3). One
might also have expected the local rates of
key pecking to have increased when the FR
requirement on the key increased to 50 if
most of the preratio pause time was allocated
to the schedule associated with that FR. This
increase was found for 5 birds. Thus, the ex-
isting data on second-order schedule perfor-
mance may provide an explanation of the
current response-rate changes.

The present data show undermatching in
both FR completion and time measures, and
support the proposition that undermatching
in these measures is the norm (Davison &
McCarthy, 1988). Values of @ have been
found to be between 0.8 and 1.0 for many
species (Baum, 1979; Davison & McCarthy,
1988; Lobb & Davison, 1975; Myers & Myers,
1977), including hens (McAdie, Foster, &
Temple, 1996; Temple, Scown, & Foster,
1995).

Previous studies using topographically dif-
ferent responses have also typically, but not
exclusively, demonstrated undermatching.
Davison and Ferguson (1978), Sumpter et al.
(1995), and Wheatley and Engberg (1978) all
reported undermatching for both responses
and times. McSweeney (1978), in an exami-
nation of the effects of COD length (up to
20 s) on concurrent key-peck versus treadle-
press performance, also reported under-
matching. However, Hanson and Green
(1986) obtained slopes close to 1.0 in their
examination of concurrent key-peck versus
treadle-press performance. Davison and Fer-
guson (1978) suggested that sensitivity may
differ for different responses, but explaining
the present undermatching this way adds lit-
tle to the understanding of why undermatch-
ing occurs.

In this experiment arithmetic VI schedules
were used, and the use of exponential sched-
ules might have given less undermatching
(Elliffe & Alsop, 1996). However, inspection
of Elliffe and Alsop’s data suggests that even
the use of exponential schedules does not
produce perfect matching. In addition, the
range of sensitivities found here covered the
range of sensitivity values reported by Elliffe
and Alsop for both arithmetic and exponen-
tial schedules. It remains to be seen what ef-
fect exponential schedules would have in this
case.
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Baum (1974, 1979) suggested that under-
matching might result from other procedural
factors, such as the length of the COD, dif-
ferences in deprivation levels, or the discrim-
inability of stimuli. Assuming that, here, the
alternative components were easily discrimin-
able and the deprivation levels were not ex-
traordinary, the changeover parameters seem
a likely source of the undermatching found.

Wheatley and Engberg (1978) attributed
their finding of undermatching to the use of
a relatively brief 1-s COD. Davison and Fer-
guson (1978), using a slightly longer (2-s)
COD, did find less extreme undermatching,
and Hanson and Green (1986), using a 2.5-s
COD, observed slopes close to 1.0. These
findings suggest that the use of a 3-s COD, as
was employed here, should have produced
close approximations to matching. However,
Temple et al. (1995) found little change (and
some slight undermatching) for COD values
between 2 and 15 s in their investigation of
concurrent-schedule performance with hens,
albeit with arithmetic schedules. This finding,
along with McSweeney’s (1978) failure to find
matching using a 20-s COD, suggests that
COD values longer than 3 s would not have
produced slopes closer to 1.0.

Increasing the FR (key-peck) requirement
during the second and third parts of the ex-
periment made those response-unit durations
longer than the programmed COD. Thus,
there would have been no difference had we
imposed no COD or CODs that were less
than 3 s and different for each response re-
quirement. It is tempting to attribute the in-
creased sensitivity to this factor, but without
more data it is hard to draw any conclusions
regarding the separate or combined effects of
response type, requirement, and duration,
and of COD length on the degree of under-
matching found.

Previously, changeover rates under concur-
rent schedules have been found to be maxi-
mal when the reinforcement rates are equal
and to decrease with increasing disparity be-
tween the reinforcement rates (e.g., Baum,
1973, 1974; Brownstein & Pliskoff, 1968; Ca-
tania, 1963; Herrnstein, 1961; Stubbs & Plis-
koff, 1969). Thus, when changeovers are plot-
ted against relative reinforcer frequencies, an
inverted U-shaped pattern is commonly ob-
served. This pattern was consistently evident

in only Part 2 (FR 15 [key] vs. FR 3 [door])
of the present experiment (Figure 2).

That the changeover rates were not always
maximal at equal reinforcer rates appears to
be an anomalous finding. However, studies
that give inverted U-shaped patterns have
generally used the same response on both al-
ternatives. In such cases, plotting changeover
rate against reinforcement rate is equivalent
to plotting the changeover rates against time
allocation, because time allocation follows rel-
ative reinforcement-rate changes. In contrast,
when different responses are employed, time
allocation does not necessarily approximate
equality at equal reinforcer rates. Thus, if the
changeover rates obtained in each part of the
present experiment were to be plotted
against the relative times spent on the alter-
natives during those conditions, it is possible
that the inverted U-shaped patterns will be
observed with maximum changeover rates at
equal time allocations. The log changeover-
rate data are plotted for all hens against the
log time-allocation ratios in Figure 3. It was
expected that the functions presented in Fig-
ure 3 would show maxima at x-axis values
close to zero, corresponding to maximum
changeover rates with equal time allocation.
Although this pattern is more apparent in
Figure 3 than in Figure 2, it is not perfect.
Nevertheless, for the monotonic trends (e.g.,
Hen 61 during the FR 1 vs. FR 1 conditions
or Hen 62 for the FR 50 vs. FR 2 conditions)
it seems clear that the transformation of the
x axis has produced data that decrease with
changes from zero. For the bitonic data the
maximum changeover rates are still near
zero. Thus, it appears that changeover pat-
terns may be directly related to the relative
times spent on the alternatives, not to the
rates of reinforcement provided on those al-
ternatives.

The rates of changing over also decreased
as the FR requirement on the key increased
and thus as the disparity between the two re-
sponse requirements increased. It is possible
that an asymmetry in the changeover delays
was imposed by the arrangement that each
changeover response reset the second-order
(FR) requirements. Stubbs, Pliskoff, and Reid
(1977) examined the effects of changeover
delays on interchangeover time using the
data from several other experiments. They re-
ported that both asymmetrical changeover



RESPONSE FORM, FORCE, AND NUMBER

55

61 62 63
0.5 5 b
] O
= 003 Oo 1 ©%o (o)
= ©
g 05 T+ 3 ‘;N ED__E
8 1.0 %\, 10
(=7 ~.
p—g ~
E -1.54 .\.\ 3
% "2.0 ] AL AL | T r '1j'| - T 1 ¥ 1
Y 64 65 66
50
% 0.54 F
£ o< Sw
O 001 ' % E o] _|/k|'
@ s p-HHo : - 0-0-d
— DD"
1.0 E O -0 FRI vsERI
4 5_3 3 4=t} FRI5 vs FR3
: 3 - £1 FR50vs FR2
'2.0 T T T Ty vy oo rveTr] T T T 1
-1 0 1 2 -1 0 1 2 -1 0 1 2

Log Time-Allocation Ratio

Fig. 3.

The logarithms of the number of changeover responses made (per minute) during each part of Experi-

ment 1 plotted against the logarithms of the time-allocation ratios.

delays and increasingly large FR changeover
requirements increased interchangeover
times and, therefore, decreased the rates of
changing over. The systematic decrease in the
changeover rates as the size of the FR on the
key increased here suggests that the FR re-
quirements may have acted as additional
changeover requirements. There are some
other data supporting this interpretation. In
an examination of concurrent second-order
VI xs (fixed-interval 8-s) VI ys (fixed-interval
zs) performance, Cohen (1975) also report-
ed a systematic decrease in changeover rate
as the varied second-order component (z) in-
creased. It is possible that because increasing
the FR associated with the key reduced the
overall reinforcement rates, this reduction
may have contributed to the decreases in the
changeover rates found. However, few studies
examining concurrent second-order perfor-
mance have included changeover data, and
more data are necessary before any firm con-
clusion can be made.

EXPERIMENT 2

In Experiment 1 only the second-order re-
quirements of concurrent second-order
schedules were varied. This might be regard-
ed as varying the work or effort of each re-
sponse unit. Another way to vary work would

be to vary the force required of each re-
sponse.

The next experiment attempted to sepa-
rate the effects of increases in response force
and number by requiring only one response
on each alternative and varying only the force
required to push the door. These results can,
therefore, be directly compared with those of
Hunter and Davison (1982), who examined
the effects of response-force manipulations
on concurrent key-peck key-peck perfor-
mance.

Part 1 of Experiment 1 provided data on
concurrent FR 1 (key) FR 1 (door) perfor-
mance with no additional force requirements
over a range of reinforcementrate pairs. To
add confidence to the use of these data, the
equal schedule condition was replicated.

Method

Subjects and apparatus. The subjects from
Experiment 1 served. The apparatus was
identical to that used in Experiment 1.

Procedure. Throughout this experiment
only one response was required on the key
and door alternatives, and the force required
to push the door was increased by adding a
series of lead weights. In some conditions no
weight was added, whereas in other condi-
tions weights of 75 g, 150 g, and 300 g were
added. The increments in door weight from
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Table 4

The sequence of experimental conditions during Experiment 2. Shown are the variable-inter-
val (VI) schedules (in seconds) associated with each alternative, the weights placed on the
door, the forces required to emit a door push (both in grams force and newtons), and the

total number of sessions in each condition.

VI schedules Weight added Force
Condition Key Door (g) g force N Sessions

Part 1

6 90 90 0 112 1.1 18
Part 2

1 90 90 75 168 1.7 21

2 60 180 75 168 1.7 15

3 180 60 75 168 1.7 23

4 55.38 240 75 168 1.7 16

5 240 55.38 75 168 1.7 24

7 90 90 75 168 1.7 21
Part 3

8 90 90 150 254 2.5 20

9 240 55.38 150 254 2.5 29

10 180 60 150 254 2.5 28
Part 4

11 180 60 300 367 3.7 26

no weight to 300 g increased the required
door force from 1.1 N to 3.7 N. The experi-
mental conditions, the various force require-
ments, and the number of experimental ses-
sions required to reach stability are shown in
Table 4.

During the first series of conditions (Con-
ditions 1 to 5), a 75-g weight was added to
the door and the VI schedules were varied
across those five conditions from concurrent
VI 55.38-s VI 240-s schedules to concurrent
VI 240-s VI 55.38-s schedules (Table 4). Fol-
lowing this, the birds participated in another
study involving concurrent second-order
(key-peck) (door-push) schedules in which a
75-g weight was added to the door. Condi-
tions 6 to 11 of the present experiment were
then conducted. In Conditions 6 and 7, the
VI schedules were kept constant at VI 90 s,
and no weight (Condition 6) or a 75-g weight
(Condition 7) was added to the door. These
conditions were, therefore, replications of
Condition 1 of Experiment 1 and Condition
1 of this experiment. During Conditions 8 to
10, a 150-g weight was added to the door, and
the VI schedules were varied over the three
conditions from concurrent VI 90-s VI 90-s
schedules to concurrent VI 240-s VI 55.38-s
schedules. When exposed to the VI 90-s VI
90-s schedules with an additional 150-g door
weight (Condition 8), 2 of the hens respond-
ed almost exclusively to the key (i.e., left) al-

ternative. Because of this, only disparate con-
ditions favoring the door were conducted
when a 150-g door weight was added to the
door, because it was expected that no mean-
ingful data would be gathered from the
planned VI 60-s VI 180-s schedule condition.
For the same reason, only one (concurrent
VI 180-s VI 60-s) condition (Condition 11)
was conducted when a 300-g weight was at-
tached to the door. For ease of presentation,
the sets of conditions involving the 0-g, 75-g,
150-g, and 300-g door weights will be referred
to as Parts 1, 2, 3, and 4 (Table 4), even
though this was not the order in which they
occurred. All other aspects of the procedure
were identical to those employed during Ex-
periment 1.

Results

The data analyzed here were averaged
across the last 5 days of each condition and
are presented in Appendix B. In Part 4, when
the force required to push the door was high
(i.e., 3.6 N), 2 birds (Hens 61 and 65) ceased
responding. This result suggests that an ef-
fective, and perhaps the maximum feasible,
range of response forces was covered.

The reliability of the hens’ performances
can be assessed by comparing the data ob-
tained in Condition 6 of this experiment with
those obtained in Condition 1 of Experiment
1 (VI 90-s VI 90-s schedules, no added door
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Table 5

The log response- and time-allocation ratios for the replicated 0-g and 75-g door weight con-
ditions. E1 represents Experiment 1, C1 represents Condition 1, and so on.

0-g door weight

75-g door weight

CI1E1 C6E2 C1E2 C7E2
Hen  Response Time Response Time Response Time Response Time
61 0.54 0.34 0.88 0.66 1.00 0.85 0.78 0.72
62 0.15 0.06 0.22 0.06 0.50 0.16 0.20 —0.01
63 0.89 0.46 0.98 0.42 0.83 0.51 1.01 0.40
64 0.80 0.60 0.98 0.57 1.09 0.64 0.97 0.60
65 0.69 0.25 1.20 0.54 1.38 0.70 0.81 0.38
66 0.65 0.58 0.47 0.33 0.79 0.70 0.60 0.31
M 0.62 0.38 0.79 0.43 0.93 0.59 0.73 0.40

weight), and by comparing the data obtained
in Conditions 1 and 7 of the present experi-
ment (VI 90-s VI 90-s schedules, 75-g door
weight). Table 5 presents the response and
time measures from these four conditions. It
can be seen that replication produced incon-
sistent bias changes. With no additional door
weight added (0-g conditions), the hens re-
sponded more on, and allocated more time
to, the key (both relative measures increased
in Table 5). With a 75-g door weight added,
these bias changes were reversed (bias mea-
sures decreased in Table 5).

Because the data from the replicated 0-g
and 75-g door-weight conditions were differ-
ent from the original condition data, the in-
dividual data points from both the original
and replicated conditions are included in the
analyses. The data obtained during the un-
equal VI schedule FR 1 (key) versus FR 1
(door) conditions of Experiment 1 (i.e., in
which the door was unweighted) are also in-
cluded in the present analyses.

Figure 4 presents the logarithms of the ra-
tios of responses and times as functions of the
logarithms of the obtained reinforcement-
rate ratios for all hens and sets of conditions.
When there were enough data points, least
squares regression lines were fitted to the
data sets and are shown on the figures. The
slopes (@) and intercepts (log ¢) of these
lines, together with the variances accounted
for by the lines (%VAC) and the standard er-
rors of estimate (SE), are presented in Table
6. Again, the best fit lines describe the re-
sponse and time data well. In general, the
%VAC values are high (accounting for at least

80% of the data variance in 31 of 36 cases),
and the standard errors of estimate are small.
Figure 4 shows that the lines describing the
response data from the 150-g door-weight
conditions are, in all cases, steeper than those
describing the 0-g weight conditions. Al-
though it is difficult to see these changes in
the data in Figure 4 because the points and
fitted lines overlap each other, inspection of
Table 6 shows that for 4 hens (Hens 61, 63,
64, and 66) these changes in slope are mono-
tonic across weights (i.e., the slopes of the
lines describing the 75-g door-weight data are
between those describing the 0-g and 150-g
data). Similarly, five of the time-allocation
slopes (the exception being Hen 61) increase
over the 0-g to 150-g door-weight conditions,
and these increases are monotonic for 3 of
the 5 hens (Hens 63, 64, and 66). The points
of intersection of all pairs of lines were ex-
amined, and in most cases (14 of the 18 re-
sponse comparisons and 13 of the 18 time
comparisons) the x values were negative (i.e.,
they intersect on the left side of the origin).
Hence, the increases in slope arose largely
from separation of the data at the right side
of the figures (i.e., when the schedule ar-
ranged for the key was richer and that for the
door was leaner), rather than from symmetric
separations at both extremes of the graphs.
Table 6 also indicates that all but one of
the response biases (the exception being Hen
63) and all of the time biases increased to-
wards the key alternative over the change in
door weight from no weight to 150 g. Again,
however, these increases are not always mono-
tonic across the 0-g, 75-g, and 150-g condi-
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Fig. 4. The logarithms of the response-allocation (left
panel) and time-allocation (right panel) ratios as func-
tions of the logarithms of the reinforcementrate ratios.
All ratios were taken to the left (key) alternative. The
open circles, pluses, open squares, and asterisks repre-
sent the data from the 0-g, 75-g, 150-g, and 300-g door-
weight conditions of Experiment 2, respectively. For the
0-g door-weight conditions, the individual data points
from the replicated VI 90-s VI 90-s points are shown, to-
gether with the data from the unequal schedule condi-
tions conducted in Part 1 of Experiment 1. The individ-
ual data points from the replicated 75-g door-weight
condition are also shown. The dotted diagonal lines rep-
resent lines with a slope of 1.0. Other lines show least
squares fits.

tions. It should also be noted that when the
response and time biases increase over the
change in door weight from 75 g to 150 g,
these increases are generally small. In addi-
tion, the 300-g door weight had no consistent
effect on the response or time bias measures
(log ratios) obtained during the VI 60-s VI
180-s schedule conditions (i.e., the asterisks
are not clearly above the lines fitted to the
150-g data; Figure 4).

The effect of increasing the force require-
ment on the door in the presence of low as
compared with high reinforcement rates is
more clearly seen in Figure 5. Here the log-
arithms of the response and time ratios are
plotted against door weight. The response
and time ratios for the 150-g door weight with
VI 60-s VI 180-s schedules were derived from
the least squares lines fitting the individual
150-g door-weight data. When the VI sched-
ule associated with the door was richest rela-
tive to that associated with the key (VI 240-s
VI 55.38-s conditions; Panel 1), the response
and time measures tended to decrease as
door weight increased from 75 g to 150 g
(i.e., they moved towards the door alterna-
tive). However, there were no consistent
changes in either the response or time mea-
sures as door weight increased from 0 g to
300 g during the VI 180-s VI 60-s schedule
conditions (Panel 2). During the equal sched-
ule conditions (Panel 3), the response and
time ratios tended to increase slightly in the
direction of the key as the door weight in-
creased. When the schedule associated with
the door was lean (i.e., VI 60-s VI 180-s sched-
ule conditions; Panel 4), there were larger
and more systematic increases in these mea-
sures towards the key as the door weight in-
creased to 150 g.

Figure 6 presents, for all hens, the loga-
rithms of the absolute response rates on the
key and the door plotted against door weight.
During the VI 240-s VI 55.38-s schedule con-
ditions (Panel 1), the increments in door
weight from 75 g to 150 g decreased the ab-
solute rates of key pecking, but they had no
consistent effect on the absolute rates of door
pushing. By contrast, the absolute rates of re-
sponding on both alternatives tended to de-
crease across the door-weight increases dur-
ing the VI 180-s VI 60-s schedule conditions
(Panel 2). Across the equal schedule condi-
tions (Panel 3) no systematic changes in the
absolute rates of key pecking were observed
as door weight increased, but again the ab-
solute rates of door pushing tended to de-
crease. When the VI schedule associated with
the door was lean (VI 60-s VI 180-s schedule
conditions), the absolute rates of responding
on the key tended to increase while again
those on the door typically decreased (Panel
4). The magnitudes of the differences in the
absolute rates of key pecking and door push-
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Table 6

The slopes (a) and intercepts (log ¢) of the lines fitted to both the response- and time-
allocation data from Experiment 2. The percentage of the variance accounted for by each
line (%VAC) and the standard errors of estimate (SE) are also shown.

Response allocation

Time allocation

Hen a log ¢ %VAC SE

a log ¢ J%VAC SE

Part 1:

Parameters of the lines fitted to the data from the replicated no-weight VI 90-s VI 90-s schedule conditions

(i.e., Condition 6 of Experiment 2 and Condition 1 of Experiment 1) together with the data from the unequal
schedule (no-weight) conditions (Conditions 2 and 3) of Experiment 1.

0.75 0.38 70 0.22
0.69 0.06 100 0.00
0.59 0.49 94 0.07
0.58 0.64 90 0.10
0.70 0.28 75 0.21
0.63 0.45 82 0.13
0.66 0.38 85 0.12

Parameters of the lines fitted to the data from the replicated 75-g weight VI 90-s VI 90-s schedule conditions

(i.e., Conditions 1 and 7 of Experiment 2) together with the data from the unequal schedule (75-g) condi-

61 0.56 0.62 61 0.20

62 0.44 0.19 97 0.04

63 0.59 0.96 96 0.06

64 0.65 0.89 94 0.09

65 0.90 0.71 57 0.40

66 0.43 0.54 79 0.10

M 0.60 0.65 81 0.15
Part 2

tions.

61 0.82 0.91 97 0.10

62 0.47 0.38 82 0.13

63 0.66 0.86 90 0.14

64 0.95 1.05 98 0.09

65 0.78 1.16 80 0.24

66 0.62 0.64 94 0.09

M 0.72 0.83 90 0.13
Part 3: 150-g door weight

61 0.83 0.89 82 0.20

62 0.46 0.35 93 0.07

63 1.13 0.94 93 0.14

64 1.30 1.15 100 0.01

65 1.48 1.44 91 0.23

66 1.03 0.78 100 0.01

M 1.04 0.93 93 0.11
Part 4: 300-g door weight

61

62 0.00

63 0.59

64 0.73

65

66 0.37

M 0.42

0.86 0.82 93 0.15
0.62 0.21 83 0.17
0.63 0.55 91 0.12
0.85 0.62 99 0.05
0.68 0.67 85 0.17
0.99 0.46 94 0.15
0.77 0.56 91 0.14
0.35 0.75 41 0.23
0.75 0.30 86 0.16
1.02 0.54 99 0.04
1.39 0.89 97 0.12
0.85 0.83 96 0.09
1.52 0.65 100 0.04
0.98 0.66 87 0.11

—0.36

0.36

0.17

—0.11

0.02

ing increased as the schedule associated with
the key became richer and that associated
with the door became leaner (compare Pan-
els 1 to 4 of Figure 6). Thus, increased door
force altered the hens’ behavior to a larger
extent when the leaner rate of reinforcement
was arranged on the door.

The logarithms of the number of change-
over responses made per minute on the key
are plotted against door weight for all hens in
Figure 7. The individual data points from the
replicated equal schedule conditions are
shown for the 0-g and 75-g door-weight con-

ditions. The changeover data from the un-
equal schedule 0-g weight conditions (i.e.,
from Part 1 of Experiment 1) are also includ-
ed. In 17 of the 18 possible cases (i.e., those
in which more than one schedule pair was
conducted), the changeover rates were higher
when the richer schedule was associated with
the door than when the leaner schedule was
associated with the door. This decrease was
not, however, monotonic with door reinforce-
ment rate. Regardless of the programmed re-
inforcement rates, rate of changing over tend-
ed to decrease as the door weight increased.
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Fig. 5. The logarithms of the response (open circles) and time (pluses) ratios as functions of the weight placed
on the door for all hens and reinforcement-rate conditions. For the 0-g and 75-g door-weight conditions, the data
from the replicated VI 90-s VI 90-s points are shown. The data from the unequal schedule conditions conducted in
Part 1 of Experiment 1 are also presented. The log behavior ratios expected to result from the 150-g door-weight
conditions during exposure to the VI 60-s VI 180-s schedules (Panel 4) were derived from the lines fitting the 150-g

data.

Figure 8 presents the log changeoverrate
data for all birds and the various reinforce-
mentrate conditions plotted as functions of
the log time-allocation data. Again, the indi-
vidual data points from the replicated 0-g and
75-g door-weight conditions are shown, along
with the changeover data from the unequal
schedule 0-g door-weight conditions conduct-
ed during Part 1 of Experiment 1. Consistent
with the results of Experiment 1, the rates of
changing over tended to be highest when log
time-allocation ratio approximated 0.0, and
tended to decrease as relative time allocation
became more extreme.

Discussion

Increasing the weight added to the door
affected the hens’ behavior, but the effects of
door weight appeared to vary across rein-
forcementrate pairs. Several features of the
data indicate this. First, the slopes of the lines

fitting both the response- and time-allocation
data generally increased as door weight in-
creased (Table 6). Second, inspection of Fig-
ure 4 suggests that, for most birds, the in-
creases in the slopes had the effect of
“pivoting” the lines about the left end (i.e.,
weight changes had less effect when the
schedule on the door was rich and that on
the key was lean). These differential changes
can be seen more clearly in Figure 5 where,
in Panels 1 and 2 (VI 240-s VI 55.38-s and VI
180-s VI 60-s conditions), there are no clear
increases in the behavior ratios with increases
in door weight. In Panel 3 (VI 90-s VI 90-s
conditions), there is some tendency for the
behavior measures to increase with increases
in door weight, but these increases are more
consistent in Panel 4 (VI 60-s VI 180-s con-
ditions). The changes in the behavior ratios
reflect changes in absolute response rates
(Figure 6). The response rates on the key
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1 of Experiment 1.

changed little with changes in door weight.
The main changes in the absolute response
rates came as reductions in door pushing in
response to the door-weight increases. These
changes were greatest when the schedule as-
sociated with the door was lean (Figure 6,
Panels 3 and 4). When taken together, these
results indicate that manipulations of re-
sponse force may not act as constant sources
of bias. Changes in door weight altered per-
formance more when the schedule associated
with the key was rich and that associated with
the door was lean.

In hindsight, the observed interactions are
consonant with the finding that the addition-
al 300-g door weight had little effect relative
to the 150-g door weight on the perfor-
mances of the individual hens. Because 2 of
the hens virtually stopped responding during
the 150-g door-weight conditions, it was de-
cided to assess the effects of an additional
300-g door weight only when the VI schedule
associated with the door was rich and that as-

sociated with the key was lean. From the pres-
ent analysis it is clear that had it been possible
to obtain data with the 300-g weight added
when the door schedule was lean, a greater
effect might have been found.

One limitation in these data is the absence
of replication in the latter part of this exper-
iment. However, even those replications that
were carried out pose a problem in interpre-
tation. In the case of the 0-g weight condi-
tions (a replication that occurred 3 years after
original presentation), biases (both time and
response) moved slightly towards the key. In
the case of the 75-g weight conditions (rep-
lication over 4 months), both biases tended
to move, but not for all subjects, away from
the key. Because of the changes found, it may
be best to conclude that no consistent alter-
ations in bias occurred as a result of experi-
ence with the experiment. However, because
no replications were conducted after the 150-
g and 300-g door-weight conditions, it is still
possible that there might have been some or-
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der effect in the latter part of this experi-
ment.

The finding that force-requirement and re-
inforcerrate effects appear to combine to de-
termine relative response and time allocation
contradicts Hunter and Davison’s (1982) re-
port of independent effects of these variables.
Hunter and Davison examined the effects of
variations in required response force on con-
current key-peck key-peck performance. The
interactions observed in the present study may
have resulted from the use of a door-push re-
sponse. However, Chung (1965) employed
concurrent key-peck key-peck schedules of re-
inforcement and reported interactions be-
tween response-force and reinforcerrate ef-
fects. Moreover, the results of Experiment 1
indicated that no consistent sensitivity changes
were produced with increases in the FR re-
quirements associated with both the key and
the door. Thus, it appears unlikely that the
current interactions were a product of the use
of the door per se.

Hunter and Davison (1982) argued that
the interactions observed in Chung’s (1965)
study may have arisen from relative reinforcer
frequency changes rather than from the ef-
fects of required response force. Chung ar-
ranged independent concurrent VI VI sched-
ules on the two keys, and some changes in
obtained relative reinforcer frequency were
observed with increasing force. In the present
study, an attempt to control overall reinforce-
ment rate and distribution was made by using
dependent scheduling. However, when the
schedule associated with the door was leaner,
door-pushing rate decreased as the weight on
the door increased and the overall rate of re-
inforcement decreased. Thus, the overall re-
inforcementrate changes across conditions
may have contributed to the interactions ob-
served here.

The changeoverrate data obtained here
were similar to those obtained in Experiment
1 (Figures 3 and 8). Rates were maximal
when relative time allocation approximated
equality and decreased as the time-allocation
ratios became more extreme (i.e., moved
away from 0.0). This finding supports the sug-
gestion that changeover patterns reflect
changes in time allocation, as opposed to
changes in relative reinforcer rates, when dif-
ferent responses are employed.

The increases in force requirement, like

the increases in FR requirements employed
in Experiment 1, decreased the rates of
changing over. In both experiments (Figures
2 and 7), this trend was observed regardless
of the relative reinforcement rates associated
with the alternatives, and is likely due to in-
creased response effort.

There are two general ways of viewing the
possible effects of required response-force or
response-effort changes. It was initially as-
sumed that the effects of force increases
might appear simply as constant bias terms in
the generalized matching law (Equation 1).
Hunter and Davison (1982) used a model in
which the effects of different force require-
ments appeared as another ratio term raised
to a power in the generalized matching law,
similar to differing reinforcement rates. How-
ever, they found, and their model implies, no
force and reinforcement-rate interactions.
Thus, their model would not apply to the
present data, because there appears to have
been an interaction (Figures 4 and 5). The
presence of an interaction suggests that re-
sponse-force changes do not function simply
as changes in response requirement (i.e.,
they do not simply change bias). An alterna-
tive explanation, suggested by Alling and Pol-
ing (1995), might be that increases in re-
sponse force or response effort function as
aversive events and reduce the value of the
schedule of reinforcement. If the increases in
force are thought of as punishing responding
in some way, then they might be best regard-
ed as subtracting from the effective reinforce-
ment rates. If a given door-force requirement
was considered to subtract a constant amount
from the effective reinforcement rate, then it
would have a greater effect on both schedule
value and behavior when the reinforcement
rate for door pushing was leaner. Such an
analysis may account for the interaction ob-
served here. It also predicts that even if equal
schedules of reinforcement are programmed
on the alternatives, they may not be of equal
value when different response (or work) re-
quirements are employed.

There are not enough data here to evalu-
ate whether or not work requirements (i.e.,
FR and response-force requirements) sub-
tract from the effective value of the reinforce-
ment schedules that maintain them. Howev-
er, such an interpretation is partially
supported by the changeoverrate data. If
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time allocation is taken as a reasonable re-
flection of the relative value of two schedules,
then clearly changeover rates will be highest
when time allocation is equal, which does not
necessarily correspond to equal reinforce-
ment rates (Figures 3 and 8). However, there
may be a difference between the effects of a
lower schedule value arising from a lower re-
inforcement rate and a lower schedule value
resulting from an increased work require-
ment. Some features of the present data, es-
pecially the absolute response-rate changes
found, bear on this possible difference. When
reinforcement rate is lowered on one of two
concurrent schedules, it is common for the
absolute response rates to drop on that
schedule and to increase on the other. Figure
6 shows that this increase did not happen
here. Although the absolute rates of door
pushing decreased, the absolute rates of key
pecking remained approximately constant as
the force required to push the door in-
creased. Hence, the increase in response
force seemed to act similarly to a reduction
in schedule reinforcement rate, but the anal-
ogy is not perfect.

In summary, then, variations in response
force and variations in response number were
found to differ in their effects on concurrent
key-peck door-push performance. Second-or-
der (FR) schedule manipulations (Experi-
ment 1) produced predictable biases in terms
of both time and response allocation (i.e.,
completed response units). They did not ap-
pear to alter sensitivity to reinforcement rate.
This was not true of manipulations of re-
sponse force (Experiment 2). In contrast to
Hunter and Davison’s (1982) findings, the
variations in relative response force appeared
to interact with variations in relative reinforc-
er frequency to determine choice. The rea-
son for the interaction is unclear but may lie
in a similarity of response-force effects to the
effects of overlaid punishers.

REFERENCES

Alling, K., & Poling, A. (1995). The effects of differing
response-force requirements on fixed-ratio respond-
ing of rats. Journal of the Experimental Analysis of Behav-
ion; 63, 331-346.

Baum, W. M. (1973). Time allocation and negative re-
inforcement. jJournal of the Experimental Analysis of Be-
havior, 20, 313-322.

Baum, W. M. (1974). On two types of deviation from the

matching law: Bias and undermatching. Journal of the
Experimental Analysis of Behavior;, 22, 231-242.

Baum, W. M. (1979). Matching, undermatching and
overmatching in studies of choice. Journal of the Exper-
imental Analysis of Behavioy, 32, 269-281.

Beautrais, P. G., & Davison, M. C. (1977). Response and
time allocation in concurrent second—order sched-
ules. Journal of the Experimental Analysis of Behavior, 25,
61-69.

Bolles, R. C. (1970). Species-specific defense reactions
and avoidance learning. Psychological Review, 77, 32—
48.

Brownstein, A. J., & Pliskoff, S. S. (1968). Some effects
of relative reinforcement rate and changeover delay
in response-independent concurrent schedules of re-
inforcement. Journal of the Experimental Analysis of Be-
havior, 11, 683—-688.

Catania, A. C. (1963). Concurrent performances: A
baseline for the study of reinforcement magnitude.
Jowrnal of the Experimental Analysis of Behavioy;, 6, 299—
300.

Catania, A. C. (1973). The concept of the operant in the
analysis of behavior. Behaviorism, 1, 103-116.

Chelonis, J. J., & Logue, A. W. (1996). Effects of re-
sponse type on pigeons’ sensitivity to variation in re-
inforcer amount and reinforcer delay. Journal of the
Experimental Analysis of Behavior, 66, 297-307.

Chung, S. (1965). Effects of effort on response rate. Jour-
nal of the Experimental Analysis of Behavior; 8, 1-7.

Cohen, S. L. (1975). Concurrent second-order sched-
ules of reinforcement. Journal of the Experimental Anal-
ysis of Behavioy, 24, 333-341.

Davison, M., & Ferguson, A. (1978). The effects of dif-
ferent component response requirements in multiple
and concurrent schedules. Journal of the Experimental
Analysis of Behavioy, 29, 283-295.

Davison, M., & McCarthy, D. (1988). The matching law: A
research review. Hillsdale, NJ: Erlbaum.

Dawkins, M. S., & Beardsley, T. (1986). Reinforcing
properties of access to litter in hens. Applied Animal
Behaviour Science, 15, 351-364.

de Villiers, P. (1977). Choice in concurrent schedules
and a quantitative formulation of the law of effect. In
W. K. Honig & J. E. R. Staddon (Eds.), Handbook of
operant behavior (pp. 233-287). Englewood Cliffs, NJ:
Prentice Hall.

Elliffe, D., & Alsop, B. (1996). Concurrent choice: Ef-
fects of overall reinforcer rate and the temporal dis-
tribution of reinforcers. Journal of the Experimental
Analysis of Behavior, 65, 445—463.

Findley, J. D. (1962). An experimental outline for build-
ing and exploring multi-operant behavior repertoires.
Journal of the Experimental Analysis of Behavior, 5, 113—
166.

Hanson, J., & Green, L. (1986). Time and response
matching with topographically different responses.
Animal Learning & Behavioy, 14, 435—442.

Herrnstein, R. J. (1961). Relative and absolute strength
of response as a function of the frequency of rein-
forcement. Journal of the Experimental Analysis of Behav-
ion; 4, 267-272.

Hineline, P. N., & Rachlin, H. (1969). Notes on fixed-
ratio and fixed-interval escape responding in the pi-
geon. Journal of the Experimental Analysis of Behavior, 12,
533-538.

Hogan, J. A., & Roper, T.J. (1978). A comparison of the



RESPONSE FORM, FORCE, AND NUMBER

properties of different reinforcers. In J. S. Rosenblatt,
R. A. Hinde, C. Beer & M. C. Busnell (Eds.), Advances
in the study of behavior (Vol. 8, pp. 156-255). New York:
Academic Press.

Hollard, V., & Davison, M. (1971). Preference for qual-
itatively different reinforcers. Journal of the Experimental
Analysis of Behavior, 16, 375-380.

Hunter, 1., & Davison, M. (1982). Independence of re-
sponse force and reinforcement rate on concurrent
variable-interval schedule performance. Journal of the
Experimental Analysis of Behavior, 37, 183-197.

Kelleher, R. T. (1966). Conditioned reinforcement in
second-order schedules. Journal of the Experimental
Analysis of Behavioy; 9, 475—485.

Lee, J. K., & Gollub, L. R. (1971). Second-order sched-
ules with fixed-ratio components: Variation of com-
ponent size. Journal of the Experimental Analysis of Be-
havior, 15, 303-310.

Lobb, B., & Davison, M. C. (1975). Performance in con-
current interval schedules: A systematic replication.
Journal of the Experimental Analysis of Behavior, 24, 191—
197.

Matthews, L. R., & Temple, W. (1979). Concurrent
schedule assessment of food preferences in cows. Jour-
nal of the Experimental Analysis of Behavior, 32, 245-254.

McAdie, T. M., Foster, T. M., & Temple, W. (1996). Con-
current schedules: Quantifying the aversiveness of
noise. Journal of the Experimental Analysis of Behavior, 65,
37-54.

McSweeney, F. K. (1978). Prediction of concurrent key-
peck treadle-press responding from simple schedule
performance. Animal Learning & Behavior; 6, 444—450.

Miller, H. L., Jr. (1976). Matching-based hedonic scaling
in the pigeon. Journal of the Experimental Analysis of Be-
havior, 26, 335-347.

Myers, D. L., & Myers, L. E. (1977). Undermatching: A
reappraisal of performance on concurrent variable-

65

interval schedules of reinforcement. Journal of the Ex-
perimental Analysis of Behavior, 25, 203-214.

Seligman, M. E. P., & Hager, J. L. (1972). Biological
boundaries of learning. New York: Appleton-Century-
Crofts.

Shettleworth, S. J. (1989). Animals foraging in the lab:
Problems and promises. Journal of Experimental Psy-
chology: Animal Behavior Processes, 15, 81-817.

Stubbs, D. A., & Pliskoff, S. S. (1969). Concurrent re-
sponding with fixed relative rate of reinforcement.
Journal of the Experimental Analysis of Behavior, 12, 887—
895.

Stubbs, D. A., Pliskoff, S. S., & Reid, H. M. (1977). Con-
current schedules: A quantitative relation between
changeover behavior and its consequences. Journal of
the Experimental Analysis of Behavior, 25, 85-96.

Sumpter, C. E., Foster, T. M., & Temple, W. (1995). Pre-
dicting and scaling hens’ preferences for topograph-
ically different responses. Journal of the Experimental
Analysis of Behavior, 63, 151-163.

Temple, W., Scown, J. M., & Foster, T. M. (1995).
Changeover delay and concurrent-schedule perfor-
mance in domestic hens. Journal of the Experimental
Analysis of Behavior, 63, 71-95.

Thomas, J. R., & Stubbs, A. (1966). Stimulus control of
temporally spaced responding in second-order sched-
ules. Journal of the Experimental Analysis of Behavior; 10,
175-183.

Wearden, J. H., & Burgess, I. S. (1982). Matching since
Baum (1979). Journal of the Experimental Analysis of Be-
havior, 38, 339-348.

Wheatley, K. L., & Engberg, L. A. (1978). Choice per-
formance in several concurrent key-peck treadle-press
reinforcement schedules. jJournal of the Experimental
Analysis of Behavior, 29, 181-190.

Recetved July 28, 1997
Final acceptance March 9, 1998

APPENDIX A

The sums of the data from the last 5 days of each condition of Experiment 1. The hen number
(H), the experimental part (P), the condition number (C), the fixed-ratio (FR) schedules in
effect on the left (L) and right (R) alternatives, the variable-interval (VI) schedules on the
left (L) and right (R) alternatives, the total number of responses made on the left (RL) and
right (RR) alternatives, the total time spent responding on the left (TL) and right (TR)
alternatives, the number of reinforcements obtained on the left (rL) and right (rR) alterna-
tives, the number of responses made during the changeover delays (WCOD) on the left (L)
and right (R) alternatives, the number of changeover responses (CO) from the left (L) and
right (R) alternatives, the total number of completed FR requirements (COMFR) made on
the left (L) and right (R) alternatives, the number of completed FR requirements made after
the changeover delays (FR PCOD) on the left (L) and right (R) alternatives, and the total

session time (time).

FR
FR VI WCOD CO COMFR PCOD
HPCLR L R RL RR TL TR rL 1R L R L R L R L R Time
61 11 11 90 90 3,042 877 7,623 3,476 67 66 641 465 243 241 11,366
61 12 11 60 180 4,088 676 7,934 1,981 111 39 573 327 186 184 10,116
61 13 11 180 60 2,282 1,147 4,415 5,012 40 110 969 403 269 266 9,705
61 21153 90 90 4,486 672 8,283 3,499 60 56 253 108 81 82 324 224 324 188 12,000
61 22153 60 180 5975 462 9,219 2,366 98 33 159 94 71 74 397 154 397 126 11,807
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APPENDIX A
(Continued)
FR
FR VI WCOD CcO COMFR PCOD
HPCLR L R RL RR TL TR 7L 1R L R L R L R L R Time
61 23 153 180 60 1,874 1,673 3,874 7,652 32 108 149 174 78 78 124 557 124 498 11,635
61 31502 90 90 2,078 459 4,543 7,106 27 32 28 81 31 32 41 229 41 180 12,000
61 3250 2 60 180 1,448 22 9,632 167 9 1 1 7 3 3 26 11 26 6 12,000
61 33502 180 60 1,998 1,088 3,869 7,845 22 74 26 80 33 33 39 544 39 497 12,000
6211 11 90 90 1,566 1,106 5,345 4,701 74 74 395 514 238 234 10,336
6212 11 60 180 2,222 870 6,696 2,649 114 36 249 457 164 163 9,528
621 3 11 180 60 1,321 1,304 3,366 6,026 39 111 352 499 218 216 9,624
6221153 90 90 2,074 1,010 4,523 7,325 58 61 99 146 88 86 137 336 137 290 12,000
62 22 153 60 180 2,937 322 8,538 3,367 64 15 36 49 45 44 194 107 194 94 12,000
62 23 153 180 60 1,791 743 3,349 8,358 33 96 54 113 78 79 119 247 119 211 11,935
62 31502 90 90 1,839 701 4,225 7,490 26 27 9 46 28 32 28 350 28 320 12,000
62 32502 60 180 2,139 610 4,736 6,785 38 12 21 30 40 42 42 305 42 287 12,000
62 33502 180 60 1,178 986 2,255 9,684 20 64 10 38 23 25 23 492 23 470 12,000
6211 11 90 90 6,068 777 7,354 2576 75 75 691 210 153 148 10,097
6212 11 60 180 6,854 376 8,856 1,336 109 37 381 144 94 93 10,307
6313 11 180 60 5,071 1,034 6,820 3,930 36 114 1,036 330 193 190 10,964
6321153 90 90 6,851 801 7,614 3,688 71 69 407 158 114 114 456 267 456 217 11,440
63 22153 60 180 5,249 500 8,860 2,907 75 26 118 100 49 49 348 166 348 132 12,000
63 23 15 3 180 60 3,368 1,947 4,496 6,725 37 109 300 154 110 110 224 649 224 598 11,355
6331502 90 90 5,588 943 5,396 6,326 50 50 128 141 67 66 111 471 111 386 12,000
63 3250 2 60 180 8,220 488 8,971 2,916 80 28 228 140 72 74 164 244 164 156 12,000
63 3350 2 180 60 4,439 1,868 4,615 6,994 36 110 210 185 65 66 88 934 88 826 11,701
6411 11 90 90 6,488 1,043 8,379 2,103 73 73 385 560 131 129 10,612
6412 11 60 180 7,602 443 9,769 957 113 33 269 217 67 66 10,799
6413 11 180 60 5,194 1,353 7,752 2,956 37 113 778 702 195 192 10,915
6421153 90 90 8,223 1,219 8,219 2,886 73 73 420 393 128 124 548 406 548 278 11,244
64 22 153 60 180 8250 729 9,177 1,464 108 36 474 234 85 84 550 243 550 168 10,745
64 23 153 180 60 3,240 3,042 3,694 6,418 33 114 765 314 130 128 216 1,014 216 915 10,267
64 31502 90 90 8,663 1,596 7,621 4,198 64 65 112 124 96 98 171 798 171 314 11,938
64 3250 2 60 180 8,874 646 9,552 2,319 100 31 182 141 91 92 190 323 190 91 11,993
64 3 3 50 2 180 60 3,500 2,421 3,892 7,830 36 102 186 95 58 57 70 1,210 70 251 11,804
6511 11 90 90 3,892 808 5,633 3,173 75 75 1,030 170 258 253 9,073
6512 11 60 180 4,618 481 6,973 1,947 117 33 577 105 159 158 9,106
6513 11 180 60 2,031 1,801 3,796 5,638 38 112 773 208 233 231 9,689
6521153 90 90 3,885 1,083 5,695 4,715 76 74 165 92 145 145 259 361 259 347 10,583
6522 153 60 180 4,620 837 6,535 4,061 112 38 135 92 118 121 308 279 308 260 10,755
6523 153 180 60 1,534 728 3,692 8,110 29 86 111 27 59 61 101 242 101 237 12,000
6531502 90 90 2,056 744 3,757 8,012 29 35 14 17 31 31 41 371 41 356 12,000
65 3250 2 60 180 5,903 428 7,252 4,595 60 19 60 22 45 44 117 214 117 193 12,000
65 3350 2 180 60 1,330 590 2,395 9,419 18 69 17 4 21 22 26 294 26 290 12,000
6611 11 90 90 3,252 741 7,947 2,070 75 75 257 300 228 224 10,257
66 12 11 60 180 5,341 1,134 7,979 1,550 113 37 734 540 228 227 9,769
6613 11 180 60 3,922 1,089 5,903 3,684 43 105 978 926 318 316 9,926
66 21153 90 90 4,710 859 7,506 3,452 75 74 557 293 150 145 314 285 314 192 11,335
66 22 153 60 180 3,808 631 8,264 2,979 96 47 568 148 124 122 253 210 253 164 11,613
66 23 153 180 60 2,295 972 4,181 6,810 34 109 291 131 96 95 153 324 153 285 11,301
66 31502 90 90 5,337 939 7,211 4,547 54 53 149 286 78 81 105 469 105 310 12,000
66 3 2 50 2 60 180 8,343 592 9,613 2,143 107 33 152 245 78 82 166 296 166 157 11,899
66 3 3 50 2 180 60 3,343 1,295 4,166 7,579 31 98 150 138 63 65 66 647 66 561 11,912




RESPONSE FORM, FORCE, AND NUMBER

APPENDIX B

The sums of the data from the last 5 days of each condition of Experiment 2. The hen number
(H), the experimental part (P), the condition number (C), the variable-interval (VI) sched-
ules on the left (L) and right (R) alternatives, the total number of responses made on the
left (RL) and right (RR) alternatives, the total time spent responding to the left (TL) and
right (TR) alternatives, the number of reinforcements obtained on the left (rL) and right
(rR) alternatives, the number of responses made during the changeover delays (WCOD) on
the left (L) and right (R) alternatives, the number of changeover responses (CO) from the
left (L) and right (R) alternatives, the number of responses made after the changeover delays
(PCOD) on the left (L) and right (R) alternatives, and the total session time (Time). Hens
61 and 65 did not complete Part 4 of this experiment.
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VI WCOD CcO PCOD
HP C L R RL RR TL TR L 1R L R L R L R Time
611 6 90 90 2,806 372 9,610 2,140 53 50 241 189 103 102 2,563 183 12,000
61 2 1 90 90 3,692 385 10,357 1,518 61 55 131 193 82 83 3,661 192 12,000
61 2 2 60 180 4,892 297 10,574 944 92 29 193 163 67 67 4,699 134 11,630
61 2 3 180 60 2,069 611 8,714 2,884 26 82 308 326 137 137 1,751 285 12,000
61 2 4 55.38 240 2,463 64 11,687 286 65 12 28 38 14 13 2435 26 12,000
61 2 5 240 55.38 2,386 1,051 6,761 4,549 22 116 726 485 202 202 1,657 564 11,551
612 7 90 90 2,708 465 9,924 1,920 59 56 288 141 92 91 2,419 324 12,000
61 3 8 90 90 3,013 337 10,251 1,551 35 35 206 189 83 83 2,807 148 12,000
613 9 240 55.38 777 372 9,298 2,545 10 59 102 162 71 70 675 210 12,000
61 3 10 180 60 1,219 497 8,507 3,279 21 53 201 260 99 98 1,018 237 12,000
621 6 90 90 1,827 1,102 5,125 4,496 75 75 243 507 234 234 1,584 592 9,876
62 2 1 90 90 2,182 692 6,540 4,544 74 72 250 324 190 188 1,932 368 11,331
62 2 2 60 180 2,675 479 8,312 1,778 106 33 101 254 126 124 2,571 225 10,262
622 3 180 60 1,532 1,221 3,940 6,015 35 115 260 549 225 220 1,271 666 10,318
62 2 4 55.38 240 2,401 557 7,619 1,695 126 24 114 293 120 119 2,286 264 9,452
622 5 240 55.38 1,700 1,259 5,181 5,168 29 121 311 577 298 294 1,388 682 10,759
622 7 90 90 1,259 786 5,155 5,223 75 75 103 158 155 153 1,156 628 10,587
623 8 90 90 1,671 758 7,655 3,410 72 69 166 432 170 166 1,505 326 11,317
623 9 240 55.38 1,151 1,162 4,369 6,109 25 125 185 440 269 265 966 719 10,860
62 3 10 180 60 1,219 771 4,423 6,683 37 107 224 248 227 226 995 522 11,448
62 4 11 180 60 620 632 3,354 7913 36 112 88 178 123 121 532 454 11,6564
631 6 90 90 5684 609 8,124 3,056 70 71 513 171 143 144 5,170 438 11,371
63 2 1 90 90 7,218 1,067 7,879 2454 75 75 661 501 155 152 6,557 556 10,504
63 2 2 60 180 8,931 643 9,768 1,251 109 37 290 384 92 92 8,641 259 11,143
632 3 180 60 3,788 1,749 5,648 4,080 35 115 962 604 214 213 2,826 1,145 9,980
63 2 4 55.38 240 10,084 435 9,467 786 129 21 300 162 69 69 9,784 273 10,339
632 5 240 55.38 4,346 1,154 7,604 3,633 28 115 849 420 171 169 3,497 734 11,467
632 7 90 90 6,844 706 7,177 2,859 71 73 912 162 175174 5932 543 10,253
63 3 8 90 90 6,532 679 8,737 2,381 65 63 772 209 157 1565 5,760 470 11,322
633 9 240 55.38 2,516 1,073 5,103 5,497 31 118 702 208 169 171 1,814 865 10,850
63 3 10 180 60 2,739 1,283 5,044 4,439 40 110 876 261 187 186 1,863 1,022 9,743
63 4 11 180 60 3,926 1,014 8,010 3,542 35 107 726 418 168 168 3,200 596 11,784
641 6 90 90 6,089 639 8,636 2,358 77 73 671 212 178 175 5,414 427 11,189
64 2 1 90 90 7228 677 9,007 2,148 73 73 452 162 127 123 6,775 514 11,286
64 2 2 60 180 10,201 255 10,862 896 108 33 281 83 65 65 9920 171 11,828
642 3 180 60 5,162 1,126 7,153 3,612 38 111 597 365 184 180 4,565 761 11,023
64 2 4 55.38 240 8,954 213 9,813 607 125 24 147 54 41 41 8,807 159 10,476
642 5 240 55.38 4,061 1,503 5,083 4,282 31 119 932 377 237 232 3,129 1,126 9,654
642 7 90 90 6,089 639 8,636 2,358 77 73 671 212 178 175 5,414 427 11,189
64 3 8 90 90 7,092 519 10,266 1,448 61 61 322 294 87 85 6,770 225 11,865
643 9 240 55.38 2,328 1,158 4,493 5,325 28 122 488 215 188 185 1,839 941 10,082
64 3 10 180 60 3,857 1,081 7,978 3,563 38 107 386 453 141 139 3,471 628 11,718
64 4 11 180 60 3,210 615 6,369 4,330 38 111 542 69 169 164 2,665 545 10,887
651 6 90 90 5054 318 8,878 2593 68 65 432 22 125 122 4,622 295 11,599
65 2 1 90 90 4,070 169 9,864 2,026 42 42 271 12 105 105 3,795 156 12,000
65 2 2 60 180 5,605 97 11,129 605 90 24 142 2 42 42 5460 92 11,789
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APPENDIX B
(Continued)
VI WCOD CO PCOD
HP C L R RL RR TL TR L R L R R Time
652 3 180 60 2,641 206 8,695 3,101 304 8 124 125 287 12,000
65 2 4 55.38 240 5,795 187 10,460 810 158 77 57 57 110 11,341
652 5 240 55.38 2,316 666 7,531 4,290 369 60 150 149 604 12,000
65 2 7 90 90 4,179 652 7,639 3,193 555 234 151 146 415 10,988
653 8 90 90 4,267 172 10,297 1,605 171 7 63 63 165 12,000
653 9 240 55.38 1,237 593 7,027 4,379 262 52 130 127 541 11,556
65 3 10 180 60 2,496 381 8,603 3,235 312 3 140 139 378 12,000
66 1 6 90 90 3,649 1,226 6,009 2,847 1,044 571 232 230 654 9,137
66 2 1 90 90 5,652 927 9,299 1,891 841 574 167 163 353 11,470
66 2 2 60 180 6,081 806 8,641 896 439 579 90 89 227 9,666
66 2 3 180 60 2,839 1,493 4,296 5,161 878 530 216 213 959 9,699
66 2 4 55.38 240 7,954 684 8,474 789 557 421 99 98 236 9,373
66 2 5 240 55.38 2,371 1,401 3,684 5,687 1,006 377 184 184 1,024 9,643
66 2 7 90 90 4,114 1,035 5,944 2911 1,090 388 239 236 642 9,112
66 3 8 90 90 5,255 871 8,994 1,938 581 481 132 129 390 11,097
663 9 240 55.38 2,121 1,525 3,322 6,147 600 362 151 153 1,162 9,680
66 3 10 180 60 2,369 1,371 4,011 5,970 576 314 165 164 1,057 10,218
66 4 11 180 60 1,215 532 5,040 6,321 367 98 130 128 434 11,562




